| INTRODUCTION
In the general population, perforation rates range from 20% to 30%, yet increase to as high as 50% to 70% in the elderly. [1] [2] [3] [4] The mortality risk is <1% in non-perforated appendicitis, 5 but increase to 4%-8% in the elderly. 1, 2, 5, 6 Delay before appendectomy is associated with increase in perforation rate. 7, 8 Acute perforated appendicitis is still associated with significant morbidity and mortality in the elderly patients and we still need to strive for early detection of perforation.
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Several blood tests are being used to aid in anticipating perforation in acute appendicitis. Mean WBC counts are higher in patients with a perforated appendicitis than simple appendicitis. 9 However, an elevated WBC count has no predictive value in differentiating nonperforated and perforated appendicitis. 10, 11 Elevated serum bilirubin (total bilirubin >1.0 mg/dL) has been noted to be a new marker for appendiceal perforation, but studies disagree on its sensitivity and specificity. [12] [13] [14] [15] [16] C-reactive protein (CRP) was reported to be superior to bilirubin for anticipation of perforation in acute appendicitis. 17 Neutrophil-to-lymphocyte ratio (NLR) was introduced as a predictor of complicated appendicitis, but their sensitivity and specificity is not better than that of bilirubin or CRP.
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Delta neutrophil index (DNI) has recently been introduced as a new inflammatory marker. [19] [20] [21] DNI is assessed by an automated blood cell analyzer and tests required for the DNI can be performed at the same time as routine complete blood count (CBC) test. 22 It measures the fraction of immature granulocytes in the circulation.
Immature granulocytes are an indicator of increased myeloid cell production and are known to increase in infectious or inflammation conditions. [22] [23] [24] [25] [26] [27] Recent studies have examined its ability to predict infectious conditions. 22, 23, 28, 29 In this study, we investigated the usefulness of DNI as an early predictor of appendiceal perforation in elderly patients. (Figure 1 ).
| METHODS
All the blood test results used in this study is the first blood tests at the ED. For the complete blood cell count (CBC), the Unicel DxH 
This study was conducted after an approval from the Institutional
Review Board (IRB) at our hospital. Written informed consents were exempted by the IRB (IRB No. 2016-I073). We conducted the study in accordance with the declaration of Helsinki. 30, 31 To protect personal information, patient name, hospital number, date of birth, and social security number were deleted after assigning a serial number.
| Statistical analysis
The continuous variables with normal distribution were presented as mean and standard deviation (SD) and for those without normal distribution were presented as medians and interquartile ranges (IQRs). The categorical variables were described in frequency (%). We compared the continuous variables using the Mann-Whitney test, and the categorical variables by the Chi-square or the Fisher's exact test, according to the expected frequency. Parameters showing significant statistical differences between the two groups were further analyzed by multivariate logistic regression and by the receiver operating characteristics (ROC) to verify the usefulness as an independent predictor. After finding the best cut-off value, the sensitivity and specificity of that cut-off value was calculated. We used the SPSS ver. 21.0 (SPSS Inc, Chicago, IL, USA) and Med-Calc version 12.4 (Med-Calc Software, Ostend, Belgium) for our statistical analysis and the statistical significance was based on a P <.05.
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| Characteristics of the study subjects
One-hundred and eight elderly patients who were finally diagnosed as acute appendicitis were included during the study period. Forty-two patients were males (38.9%) and the overall median age was 72 years old (IQR: 67-77). There were 39 patients in non-perforated appendicitis group, and 69 patients in perforated appendicitis group (Table 1) .
| Comparison of hematological markers between non-perforated and perforated appendicitis groups
The median DNI values were significantly higher in the perforated Other than DNI, WBC count, NLR, platelet-tolymphocyte ratio (PLR) and Glasgow prognostic (GPS) score were statistically higher in the perforated group than the non-perforated group. Although CRP level was higher in the perforated group, the difference was not statistically significant in this study. The lymphocyteto-monocyte ratio (LMR) was statistically lower in the perforated group than the non-perforated group (Table 1) .
| Multivariate logistic regression analysis for the prediction of appendiceal perforation in elderly patients
For those variables with statistically significant difference between the groups in univariate analysis were further included for multivariate logistic analysis ( 
| Receiver operating characteristic analysis for the prediction of appendiceal perforation in elderly patients
In ROC curve analysis, WBC, NLR and DNI turned out to have a predictive value for appendiceal perforation (Table 3) . However, the pre- 
| DISCUSSION
In this study, we found out that DNI ≥1.4 is a reliable predictor of appendiceal perforation among elderly patients. DNI was significantly higher in perforated than non-perforated appendicitis group, which can be explained by increases in immature granulocyte proportions in the circulation with disease progression due to bacterial infection of peri-appendiceal structures. In multiple regression analyses, DNI was the only independent parameter in predicting appendiceal perforation (OR 9.38 [95% CI 2.51 to 35.0]). In ROC curve analysis, DNI turned out to be a good predictor of appendiceal perforation (AUC 0.807), and had largest AUC among studied parameters.
One very interesting finding is that the role of DNI in differentiating perforated from non-perforated appendicitis increases with age. In previous study by Kim et al. 32 , the predictive role of DNI for complicated appendicitis was only fair with AUC of 0.738 in children. In general population, a sensitivity and specificity of the DNI for prediction of perforated appendicitis was reported to be 25.0%
and 96.7%, respectively, at a cut-off level of 5% with an AUC of 0.78 on the ROC curve. 33 AUC was higher than children and general population in this current study for elderly patient, although direct comparison may not be appropriate. DNI seems to be more reliable .
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WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; DNI, delta neutrophil index; CRP, C-reactive protein; GPS score, Glasgow prognostic score.
T A B L E 2 Multivariate logistic regression analysis of parameters for the prediction of appendiceal perforation NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; DNI, delta neutrophil index; GPS score, Glasgow prognostic score.
parameter in elderly patients to detect appendiceal perforation than in children.
On the contrary to the DNI, CRP seems to be less reliable parameter in elderly patients. In children, several studies have indicated that serum CRP is a sensitive (83% to >90%) for detecting appendiceal perforation. 34, 35 Kim et al. 32 recently reported that serum CRP is a good predictor of complicated appendicitis, with a sensitivity of 69% and a specificity of 83% at a cut-off level of 4.0 mg/dL with an AUC of 0.840 on the ROC curve. In general population, a sensitivity and specificity of CRP for the prediction of perforated appendicitis was 80% and 69%, respectively, at a cut-off level of 9.52 mg/L. 36 However, in this current study of elderly patients, level of CRP was not significantly different between non-perforated and perforated appendicitis group. It is not understood why CRP lost its predictive role in the study. A well-designed prospective study may be necessary to determine the decreasing predictive role of CRP for appendiceal perforation in the elderly. However, so far, DNI should be a best biomarker to differentiate between nonperforated and perforated appendicitis in elderly patients.
Other than DNI, NLR and hyperbilirubinemia was also recently studied for its predictive role in appendiceal perforation. NLR of 5.74 was reported to be associated with complicated appendicitis, but its sensitivity and specificity were only 70.8% and 48.5%, making it less valuable marker than DNI. The predictive role of hyperbilirubinemia is also disappointing. Adams and Jaunoo 14 reported that there was no significant difference in pre-operative bilirubin levels between the perforated appendicitis cases and the non-perforated appendicitis cases (P=.326). In meta-analysis by Silva et al.
15
, they concluded that hyperbilirubinemia alone cannot distinguish a perforation in acute appendicitis. Pooled sensitivity was 54.6% (95% CI, 42.8-65.8) and specificity was 70.0% (95% CI, 54.7-81.9%) and an AUC of 0.65 on summary ROC curves. 15 DNI should be a best biomarker, so far, to differentiate between non-perforated and perforated appendicitis among elderly patients.
Although appendicitis is thought of as disease of the young, both the incidence of perforation and complications are increased in the elderly. 1, 37, 38 DNI is provided with CBC without additional cost and has advantage of being rapid. Being good and quickly obtainable predictor of appendiceal perforation, DNI should be of paramount help in early differentiating perforated appendicitis from non-perforated appendicitis in the elderly patients.
Our study has several limitations. First, this retrospective study was carried out without estimating adequate sample size, so for it to have adequate power. The cohort was relatively small and its results should be regarded with caution. Second, symptom onset to blood test time interval was not considered in this study. Last, other clinical data other than laboratory findings such as symptoms and physical examinations were not investigated in this study.
| CONCLUSION
The results of our study offer evidence to support the notion that DNI aids the differentiation of acute perforated appendicitis from nonperforated appendicitis in the elderly. DNI is a good predictor of acute perforated appendicitis and if DNI is ≥1.4 among elderly patients in whom acute appendicitis is suspected, prompt confirmatory study such as CT or MRI should be performed and urgent surgical intervention should ensue.
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T A B L E 3 Receiver operating characteristics analysis of parameters for the prediction of appendiceal perforation NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; DNI, delta neutrophil index; GPS score, Glasgow prognostic score.
